o5 il Ui ,
ERESRE g RN
This issue replaces and superse ;& : c ,

all previous issues of this book.

Accession No. mg

) Copy No.a SID 62-1231-1

DESIGN CRITERIA, TRAJECTORIES, AND /
HEATING RATES FOR THE APOLLO :
C OMMAND MODULE HEAT SHIELD \
VOLUME |
(V)

Rejssued 7 June 1963
N . S 1Y

Prepared by

Apollo Thermo and Fluid
Dynamics Group and Apollo
Command Module Group

This document contains in ation ing the national defense of the
United States within the me ha Espionage Laws. Title 18 US.C.
Sectien 793 and 794. its tran or reveiation ¢of its contents in any
manner to’ an unsuthorized is dited by law.

NORTH AMERICAN AVIATION, INC.
T SPACE and INFORMATION SYSTEMS DIVISION

ORMSS N ‘



ERLUE T

NORTH AMERICAN AVIATION,

O einhiiie-

Section

ld
o

~

CONTENTS

VOLUME I

sCOPE , . . . . . . . .

DET AIL DATA . . . . . . .
Command \Ibdule Reference Points
Trajectories

v w (W o (o
- -
! [ Y SV

Heating Rates . . . . . .
Stagnation Enthalpy . . . . . .
5 Shear Stress . . . . . . ’

VOLUME 11
HSE-1 TRAJECTORIES
VOLUME I1I
HSE-2 TRAJECTORIES
VOLUME IV
HSE-3A TRAJECTORIES
VOLUME V
HSE-4+A TRAJECTORIES
VOLUME VI
HSE-6 TRAJECTORIES
VOLUME VI

HSA-3 TRAJECTORIES

>
INC. (}gé;é%) SPACE and INFORMATION SYSTEMS DIVISION

Page

OO 00 [N bt et e



NORTH AMERICAN AVIATION, INC.

CONRBENFHE

Figure

o

11

12

13

14
15

16

17

18

19

20

21

ILLUSTRATIONS

Apollo Entry Aerodynamic Heating, Acero-Heating Data
Points . . . . . . . . . . .
Apollo Entry Aerodynamic Heating, Acro-Heating Data
Points . . . . . . . . . .
Saturn C-5 Nominal Boost Trajectory for Three-Stage
Escape Mission .
Saturn C-5 Nominal Boo:t Tx ajectoxy for Th1 ee- btas_,e
Escape Mission .

Saturn C-1, 100 Nautlcal MllL 01 bit .

Saturn C-1, 100 Nautical Mile Orbit . . . .
Trajectory No. HSA-1, LES Abort (C-1) Huo:,t Maximum
Dynamic Pressure . . . . . . . . .
Trajectory No. HSA-3, LES Abort (C-1) Boost, Maximum
Altitude for LES Abort .

Satellite Specd Entries (h ch sus V Px oth a) }
Trajectory No. HSE-1, Satellite Spced Entry, Maximum
L/D . . . . . . . . . .
Trajectory No. HSE-1, Satellitic Speed Entry, Maximum
L/D . . . .
Trajectory No. HSKE-Z, Cmtu lhnc C»pt od T ntry, Maxinnum
20¢g . . . . . . . . . . .
Trajectory No. HSE-2, Satellitic Specd Fntry, Maximum
20g . . . . . .

Escape Speced Fntx y, h Versus V Profile . . .
Trajectory No, HSE-3A, Fscape Speed Fontry, Mastmum
Q at V>1, Maximum Q at V<I . . . .
Trajectory No. HSE-3A, Escape Speed b nhy, Masimum
Q at V>I1, Maximum Q at V< | . . .
Trajectory No. TISE-4A, Specd BEatry, Maximum ¢q at
V>1, Maximum Q at V<l . . .
Trajectory No. [ISE-1A, Speed I ntxy, Maximum q at
V>1, Maximum Q at V<l

Trajectory No. HSIE-6, Escape ’§p¢ C d 1 ntly, SL: ue tuldl
Limit Entry . . . . . . . . . .
Trajectory No. HSE-6, FEscape Speed Entry, Structural
Limit Entry . : . . : . . i .
Trajcectory No. HSR-1 (3A), Recovery, Maximum
Dcscent Time

T ~CONEBENTIRT

SID 62-123%1-1

SPACE and INFORMATION SYSTEMS DIVISION

Page

10

11

I3
14
15

17
IS

19



f

23
24
25
26
27
28
29
30
31
32
33
34
35
36
36A
36B
37
38
39
40
41
42
43
44
45
46

47

Trajectory No. HSR-2 (3B), Recovery, Minimum
Descent Time

Saturn I Boost Heatlng, X 115. 35

Saturn I Boost Heating, Xz = 88,00 .
Saturn I Boost Heating, X_ = 68,00.
Saturn I Boost Heating, X, = 48.00 .
Saturn I Boost Heating, Xc = 30, 00,
Saturn ] Boost Heating, Xc = 20.00 .
Saturn V Boost Heating, X . = 115. 35
Saturn V Boost Heating, X = 88.00
Saturn V Boost Heating, X_ = 68.00
Saturn V Boost Heating, X_ = 48.00
Satur. V Boost Heating, X = 30.00
Saturn V Boost Heating, X, = 20. 00

Shear Stress Distribution and Heating in beparatcd

Wake Region . .

Effect of Aerodynamic Strakes on Aftorbudy Hgatlnu RdtC‘
and Shear Stress Distribution { A = 135° and 180°)

Effect of Aerodynamic Strake on Shear Stress and Heating
Rates at Leeward Root of Strake . .
Effect of Aerodynamic Strake on Shear Stress and Heating

Rates at Windward Root of Strake . .

Trajectory HSE-1, Non-Equilibrium Radiation
Distribution, A = 0° . . . . .

Trajectory HSE-1, Non- Equilibrium Radiation
Distribution, A = 22.5° . . . .

Trajectory HSKE-1, Non-Equilibrium Radiation
Distribution, A= 45° . .

Trajectory HSE-1, Non- Equ111br1um Rad1at10n
Distribution, A= 90° . . . . .
Trajectory HSE-2, Equilibrium Radlatlon Distribution,
A=0° . . . . . . .
Trajectory HSE 2 Equilibrium Radiation Distribution,
A= 22.5° . . . . . . . .
Trajectory HSE-2, Equilibrium Radiation Distribution,
A= 45° . . . . . . , .
Trajectory HSE- 2 Equilibrium Radiation Distribution,
A= 90°

Trajectory HSE- 2 Non Eq‘nhbnum Radlatxon
Distribution, A= 0°

Trajectory HSE-2, Non- F‘thbrlum Radldtwn
Distribution, A= 22.5°

Trajectory HSE-2, Non- quhbnum Radxatxon
Distribution, A= 45° . . . . . .

SID 62-1231-1

i } SPACE and INFORMATION SYSTEMS DIVISION

Page

31
32
33
34
35
36
37
38
39
40
41
42
43

47
48
49

50

52
53
54
55
56
57

58



i

NORTH AMERICAN AVIATION,

(IDENTFAE

INC. ¢ SPACE and INFORMATION SYSTEMS DIVISION

Figure Page

48 Trajectory HSE-2, Non-Equilibrium Radiation

Distribution, A = 90° . . . . . . . . . 59
49 Trajectory HSE-3A, Equilibrium Radiation

Distribution, A =0° . . . . . . . . . 60
50 Trajectory HSE-3A, Equilibrium Radiation

Distribution, A= 22.5° . . . . . . . . 61
51 Trajectory HSE-3A, Equilibrium Radiation

Distribution, X = 45° . . . . . . . . . 62
52 Trajectory HSE-3A, Equilibrium Radiation

Distribution, X = 90° . . . . . . .. . 63
53 Trajectory HSE-3A, Non-Equilibrium Radiation

Dist~ibution, X=0° . . . . . . . . . 64
54 Trajectory HSE-3A, Non-Equilibrium Radiation

Distribution, A= 22.5° . . . . . . . . 65
55 Trajectory HSE-3A, Non-Equilibrium Radiation

Distribution, \= 45° . . . . . . . . . 66
56 Trajectory HSE-3A, Non-Equilibrium Radiation

Distribution, A= 90° . . . . . . . . . 67

57 Trajectory HSE-4A,

Equilibrium Radiation Distribution,

A=0° . . . . . . . . . . 68
58 Trajectory HSE 4A Equilibrium Radiation Distribution,

A= 22.5° . . . . . . . . 69
59 Trajectory HSE- 4A Equilibrium Radiation Distribution,

A= 45° . . . . . . . . . 70
60 Trajectory HSE- 4A Equilibrium Radiation Distribution,

A= 90° . . . . . . . 71
61 Trajectory HSE- 4A Non-Equilibrium Radiation

Distribution, A =0° . . . . . . . . . 72
62 Trajectory HSE-4A, Non-Equilibrium Radiation

Distribution, A= 22.5° . . . . . . . 73
63 Trajectory HSE-4A, Non- Equxhbrlum Radiation

Distribution, X\= 45° . . . . . 74
64 Trajectory HSE-4A, Non- Equlhbrlum Rddlatmn

Distribution, A= 90° . . . . 75
65 Trajectory HSE-6, Equlhbnum Rddxatlon Dlstrxbutlon,

A=0° . . . . . . . 76
66 Trajectory HSE 6 Equilibrium Radiation Distribution,

A= 22.5° . . . . . . . . 77
67 Trajectory HSE- 6 Equilibrium Radiation Distribution, )

A= 45° . . . . . . . . . . . 78
68 Trajectory HSE- 6 Equilibrium Radiation Distribution,

A= 90° . . . . . . . 79
69 Trajectory HSE- 6 Non-Equilibrium Radiation

Distribution, x= 0° . . . . . . . . . 80

-V -

SONHBENTE

SID 62-1231-1



(

NORTH AMERICAN AVIATION, INC. lél SPACE and INFORMATION SYSTEMS DIVISION
. 1/1'

(o

Figure
70
71
72

73

75

76

8
79

80
81

82

83

R3A
B4
85
86
87
88
89
50

()l

Page

Trajectory HSE-6, N()n—EquilibvriU‘m Radiation Distribution,

A= 22.5°

81

Trajectory HSE-6, Non-Equilibrium Radiation Distribution,

A= 45°

82

Trajectory HSE 6, Non-—Equilibriurn Radiation Distribution,

A= 90° . . . . . . . . .
Trajectory HSE-1, Body Point 3, Non-Equilibrium
Racdiation . . . . . . . . .
Trajectory IISE 2, Dody Point 3, Equilibrium Radiation
Trajectory HSE -2, Body Point 3, Non-Equilibrium
Radiation . . . . . . .

Traje - tory HSE 3A, Body Point 3, Equilibrium
Radiation . S . .
Trajectory HSF‘ 3A, Bod; Point 3 Non-Equilibrium
Radiation . . . . . . .
Trajectory ILSI.. 4A, DBody Point 3, Equilibrium
Radiation . . . . . : . .
Trajectory HSE 4A, Body Point 3, Non-Tquilibrium
Radiation . . . . . . . .
Trajectory HSF 6, Body Point 3, Equilibrium Radiation
Trajectory HSE-6, Body Point 3, Non-Equilibrium
Radiation . .
Entry Heating Rate sttnbutlons on Command Module
Forward Compartment Apex Cover (No Strake Effect
Included) .

Heating Rate D1str1but1on in the V1C1n1ty of Command
Module Shear Pads

Location of Shear Pads . . .

do Heatxng Rate Based on Trajectory HSE-t

Go Heating Rate Based on Trajectory HSE-2

qo Heating Rate Based on Trajectory HSE-3A .

4, Heating Rate Based on Trajectory HSE-4A .

9o Heating Rate Based on Trajectory HSE-6

4, Heating Rate Based on Trajectory HSA-3
Heat Flux Ratios in Escape Tower Wells of Command

Module .
Heat Flux Ratios in Escape Tower Wells of Command
Module

Heat Flux Ratws in Tower Well Wlth Electnc‘al Umb1l1ca1

Heating Rate Distribution Aerodynamic Strake During
Entry
Stagnation Enthalpy Tlmo Hl‘stor\, Durmg Trajectory
HSE-1

- Vi -

SID 62-1231-1

83

84
85

86
87
88
89

90
91

92

93

94
95
96
97
98
99
100
101

102

103
104

105

106

e



"
|

NORTH AMERICAN AVIATION, INC. | -é

Figure

95

96

97

99

Stagnation
HSE-2
Stagnation
HSE-3A
Stagnation
HSE-4A
Stagnation
HSE-46
Stagnation
HSA-3

R i
- ~

Enthalpy Time History

Enthalpy Time History
Enthalpy Time History

Enthalpy Time History

Enthalpy Time History

- vii -

SPACE and INFORMATION SYSTEMS DIVISION

During Trajectory
Dux.'ing 'Tra_j:actory
Duz"ing 'Traj.ectory
Du}:ing .Traj.cctory

During Trajectory

SID 62-1231-1

Page

107
108

109

111

SONRDENTTE



~.

NORTH AMERICAN AVIATION, INC. ‘ é“} SPACE and INFOMIMATION SYSTEMS DIVISTON

m , . S

TABLES
Table Page
1 LES Abort Plume Impingement Heating Rates 3
Apollo Entry Aerodynamic Heating—Times of
Transition From Laminar to Turbulent Flow . . 5
3 Dimensionless Surface Distance to Body Points on Aft

Heat Shield Origin Defined as Center of Aft Heat Shield . 7

{

- viii -

SID 62-1231

~OONEBENRAL



NORTH AMERICAN AVIATION, INC.

- ~TUTTS T

SPACE and INFORMATION SYSTEMS DIVISION

1.0 SCOPE

This report contains the aerodynamic and thermal data required for
the design of the Apollo command module heat shield. All figure numbers
refer to Volume I,

2.0 DETAIL DATA

2.1 COMMAND MODULE REFERENCE POINTS

Figures | and 2 show the definition of the points on the command
module exterior surface used in defining heating rates.

2.2 TRAJECTORIES

Figures 3 through 23 define the trajectories for which the thermal
protection system is to be designed. These trajectories are as follows:

2.2.1 Boost Trajectories

1. Saturn V lunar orbital rendezvous (LOR)boosttrajectory (HSB-1)
(Three stage to translunar injection via 100 NM parking orbit,
Figures 3 and 4.) This trajectory represents the most severe
apex forward aerodynamic heating condition during atmospheric
exit without abort.

2. Saturn I boost trajectory (HSB-2). (100 NM orbital altitude,
manned spacecraft, Figures 5 and 6.) This trajectory is a refer-
ence for LES abort data and establishes the initial flight conditions
for abort initiation.

2.2.2 Launch Escape System (LES) Aborts During Boost

1. Maximum dynamic pressure abort. (TrajectoryHSA-1, Figure )
This trajectory corresponds to apex forward trim during tower-on
operation and aft compartment forward following tower jettison,

2. Maximum altitude for LES abort. (Tumbling LES Configuration-
trajectory HSA-3, Figure 8.) This trajectory corresponds to

- RENTDENERT
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unstable (tumbling) flight during tower-on operation and an aft
compartment forward condition following tower jettison.

2.2.3 Entry Trajectories (L/D = 0. 5)

I. Satellite speed entries

a. Maximum heating load (Trajectory HSE-1, Figures 9, 10 and
11)

b. Maximum heating rate (Trajectory HSE-2,Figures 9, 12 and
13)

2. Escape speéd entries
a. Maximum supercircular speed heating load combined with
maximum subcircular speed heating load (Trajectory HSE-3A,
Figures 14 through 16)
b. Maximum supercircular speed heating rate combined with
maximum subcircular heating load {Trajectory HSE-4A,

Figures 14, 17 and 18)

¢. Minimum heating time (Structural limit) (Trajectory HSE-6,
Figures 14, 19 and 20)

2.2,4 Recovery Trajectories

l. Maximum descent time (Trajectory HSR-1, Figure 21)
2. Minimum descent time (Trajectory HSR-2, Figure 22)
2.3 HEATING RATES

Heating rates are given for the command module heat shield for launch,
abort, and entry phases (escape and earth orbital speeds). Heating rates
to surface discontinuities, and the effect of these discontinuities on the heat-
shield heating rates are also included.

2.3.1 Launch Phase

Aerodynamic heating rates at 35 specified body points on the command
module are shown in Figures 23 through 34 as a function of time for four
wall temperatures. Figures 23 through 28 show heating rates for the Saturnl
trajectory and Figures 29 through 34 for Saturn V. Heating rates at X.=16.5
for either trajectory are 80 percent of those at X.= 20 and the correspondmg

meridian plane.
-2 - E | i ||
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2.3.2 Abort Phase

Heating rates to the specified body points of the command module
are listed in Table 1 for that part of the abort phase during which the LES is
fired., These rates are due to the impingement of the LES rocket plume.
During LES abort analysis these rates will be applied in lieu of the boost
aerodynamic heating beginning att = 144 seconds for the Saturn I boost
trajectory. This is the reference trajectory for LES abort data. The values
shown in Table 1 should be applied for a total time period of five seconds
{t= 144 to t = 149 seconds). -

After LLES rocket burnout (t = 149 seconds) heating rates arc assumed
to be equal to zero and remain there untilt=175 seconds. The next part of
the abort phase is entry from an altitude of 400, 000 feet. Heating rates are
shown for various wall temperatures in Volume VII, Part A. These values
apply to the time period fromt = 175 to t = 390 seconds, and are based on
Trajectory HSA-3,

Heating rates are assumed to vary linearly with time from the value at

=390 seconds to zero at time of drogue chute deployment (altitude = 25, 000
feet), and will remain at a value of zero until impact.

Table 1. LES Abort Plume Impingement Heating Rates

Heating Rates

Body Points (Btu/ft< sec)
11 40.0
10, 33, 15, 35, 19 36.5
8, 13, 17 32.3
7 30.9
6, 32, 12, 34, 16 30.8

2.3.3 Entry Phase

Convective heating rates to specified body points {excluding the
wake region) of the command module during entry are graphically shown in
Volumes II through VI. Five trajectories are included, each at two assumed
wall temperatures (500 R and 5000 R). In all cases the curve with the higher

.  BONRIDENTIe
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~— values of heating rates represents a wall temperature of 500 R. The effects
of aerodynamic strakes and other surface discontinuities are nnt included
in these curves. The curves may be found in the following volumes:

Trajectory Description Enclosure
HSE-1 ' Satellitic Speed Volume II
2 g Entry Part A
(overshoot)
HSE-2 _ Satellitic Speed Volume III
20 g Entry Part A
(emergency)
HSE-3A Escape Speed Volume IV
2 g Entry Part A
(overshoot)
HSE-4A Escape Speed Volume V
10 g Entry Part A
{(undershoot)
~ HSE-6 Escape Speed Volume VI
20 g Entry Part A
(emergency)

Heating rate histories terminate before the time of drogue chute
deployment. To determine the heating rates during the time from curve
termination to drogue chute deployment, a linear interpolation (in time)
should be made between the final plotted value and zero at chute deployment,
The drogue chute is deployed at an altitude of 25, 000 feet. The corresponding
time may be determined by inspection of the appropriate recovery trajectory.

Transition from laminar to turbulent flow on the attached flow region
of the body is based upon a wetted length Reynolds number of 150, 000, The
time of transition for each specified body point is tabulated in Table 2.

2.3.3.1 Wake Region

Aerodynamic heating rates in the separated wake region are presented
in graphical form in Figure 35. The two curves represent distributions
along the 135- and 180-degree meridians in the form of ratios of local heating
rates to the heating rates on the 90-degree meridian. A transition Reynolds

mimige
e
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number of 20, 000 was used to define turbulent flow in the separated wake
region of the body. The effect of the aerodynamic strakes is not included
in this figure. (See 2.3.3.2 for the effect of the strake.)

2.3.3.2 Strake Effect

The effects of the aerodynamic strakes on the surface heating rates
are shown in Figures 36, 36A, and 36B. The curve shows the ratio of surface
heating rate with the strake to the heating rate at the same location without
the strake.

2.3.3.3 Radiative Heating Rates

Estimates of the radiative heating rates to the aft heat shield are
shown as distributions in Figures 37 through 72. Equilibrium and non-
equilibrium heating rates are shown for trajectories HSE-1, HSE-2, HSE-3A,
HSE-4A, and HSE-6. The radiative heating rate to portions of the body not
shown in this distribution is zero., There is no equilibrium radiative com-
ponent for trajectory HSE-1.

Distributions are shown as ratios of the local radiative heating rate to
* that at body point 3. The time histories of equilibrium and non=-equilibrium
radiation at body point 3 are shown in Figures 73 through 81 for the five
entry trajectories.

A table of S/R and X for the aft heat shield body points is given in
Table 3. This table may be used in conjunction with the radiation distri-
butions to locate the specified body points.,

2.3.3.4 Apex Cover

Convective heating rates to the apex cover are given in Figure 82 as
a ratio to the local heatinig at body point 24 without strakes., There is no
strake effect on the apex heating.

2.3.4 Heating Rates at Surface Discontinuities

2.3.4,1 Shear Pads and Tension Tie Bolts
Perturbations in local heating rates due to the presence of shear pads

and tension tie bolts on the aft heat shield are shown in Figure 83 for pad
locations in Figure 83A.

6 - BORRSERT-
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Table 3. Dimensionless Surface Distance to Body Points on Aft

Heat Shield Origin Defined as Center of Aft Heat Shield
(Based on Outer Mold Line)

Point
Number S/R*
1 0. 967
2 0.525
3 0.0 (Reference)
4 -0.525
5 -0.967
O 1. 096 (Radiation Cutoff)
12 1. 096
L6 -1.096
23 1. 096
21 1.016
25 1. 044
26 0.967
27 0.525
28 0.967
29 1.016
-_ 30 0.967
31 -1.016
32 1.090
34 -1.096
36 0.525
37 0.967
38 1.016
39 0.525
40 1.016
41 -0.525
12 -1.016
43 -1.044
4 -1, 044
15 1. 044
46 1.044
47 1. 044
*S = the distance from the origin along the heat shield
R = radius
Figure 83 shows local heating-rate profiles, at each shear pad
location, as a function of the undisturbed surface heating rate qo.
- Figures 84 through 89 illustrate the time history of the undisturbed surface

heating rate at each shear pad location for various trajectories.

-7 -

T rn g EmE e e _

‘~wiiamivimi a8’

SID 62-1231-)



NORTH AMERICAN AVIATION, INC. \ _ SPACE and INFORMATION SYSTEMS DIVISION

CORT BN

~ 2.3.4.2 Heating Rates in LES Tower Wells

Heating rate distributions within the LES tower wells are shown in
Figures 90 and 91, These distributions are based on undisturbed surface
heating rates for the cases:

l. Launch without LES tower

2., Launch with LES tower

3. Entry.
For each case, the reference heating rate is noted as being that for either
body point 33 or 35. Time histories of heating rates at these reference

body points are found in Figures 24 and 30 for the launch phase, and in
Volumes II, III, IV, V, and VI for the entry phase,

Heating rates on the electrical umbilical in the LES tower well are
presented in analogous form to that used for the LES tower wells in Figure 92.

Heating rate distributions on the strake are shown in Figure 93.
2.4 STAGNATION ENTHALPY

Stagnation enthalpies for the enclosed entry trajectories are shown
graphically in Figures 94 through 99.

2.5 SHEAR STRESS
Surface aerodynamic shear stresses for the referenced body points
are shown graphically for six entry trajectories. Shear stresses are based

on an assumed wall temperature of 500 F.

Curves may be found in the following volumes:

Trajectory Description Enclosure

HSE-1 Satellitic Speed, 2 g Volume II
Entry (overshoot) Part B

HSE-2 Satellitic Speed, 20 g Volume III

Entry (emergency) Part B IV

HSE-3A Escape Speed, 2 g Volume IV
Entry (overshoot) Part B

¢

-8 - CRbiiBbh =

SID 62-1231 -1



,4;A‘_7r~\
(A,
NORTH AMERICAN AVIATION, INC. & ’ SPACE and INFORMATION SYSTEMS DIVISION

Trajectory Description Enclosure
HSE-~4A Escape Speed, 10g Volume V
Entry (undershoot) Part B
HSE-6 Escape Speed, 20 g Volume VI
Entry (emergency) T Part B
HSA-3 Entry Following Abort Volume VII
Part B

Shear stresses (excluding the strake effect) at the body points not
included in these volumes may be determined from distribution shown in .
Figure 35. The curve shows the ratio of local surface shear stress to the

shear stress on the 90-degree meridian.

The effect of the aerodynamic strake on resultant shear stresses may
be determined from Figures 36,36A and 36B. These curves show the ratio
of shear stress with the strake to shear stress without the strake.

-9 -
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Figure 1, Apollo Entry Aerodynamic Heating, Aero-Heating Data Points
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CQIFDENTRT |

Body Meridian Body Meridian
Point Angle Point Angle
Number A X Number A X
c ]
1 0 15.495 31 180 18,00
2 0 4.59 32 45 23.875
3 0 0 33 45 88.00
4 180 4.59 34 135 23.875
5 180 15.495 35 135 88,00
6 0 23.875 36 22.5 4,59
7 0 30.00 37 22.5 15.495
8 0 48.00 38 22,5 18.00
9 0 68,00 39 45 4.59
10 0 88,00 40 45 18.00
11 0 107.0 41 135 4.59
12 0 23.875 42 135 18.00
13 90 48.00 43 180 20.00
14 90 68,00 44 135 20,00
15 90 88.00 45 0 20,00
16 180 2%3.875 46 45 20.00
17 180 48,00 47 22.5 20,00
18 180 68,00 48 180 30.00
19 180 88.00 49 135 30.00
20 180 115.347 50 90 30,00
21 135 115.347 5] 45 30,00
22 115,347 52 22.5 30.00
23 22.5 23.875 53 135 48.00
24 0 18,00 54 45 48,0N
5 0o 20.0n 5% 22.5 48,00
26 4% 15,495 56 134 68,00
7 an 4,50 57 45, 68,7
7H 0 15.465 58 22, 68.00
29 90 18,00 59 22.% 88,00
30 135 15,495 60 45 115,347
61 22.5 115,347
62 0 115.347

Figure 2, Apollo Entry Aerodynamic Heating, Aero-Heating Data Points
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Effect of Aerodynamic Strakes on Afterbody Heating Rate and
Shear Stress Distribution (A = 135° and 180°)

Figure 36,
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Figure 41. Trajectory HSE-2, Equilibrium Radiation Distribution, A =0°
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Figure 90, Heat Flux Ratios in Escape Tower Wells of Command Module

S0z - SRNESENH

SID 62-1231-1



NORTH AMERICAN AVIATION, INC.

CONPDENHAL,

FLOW

SPACE and INFORMATION SYSTEMS DIVISION

aﬂ? L0 (BOTH SIDES)
v]

REFERENCE HEAT FLUX , &o -

it
-510';0.6

(ENTIRE FACE) ‘d%?

Figure 91.

- 103 -

7T TIT7T

Ill

Elas

0, 85
99

Heat Flux Ratios in Escape Tower Wells of Command Module

HONFDENTI

SID 62-1231-1



NORTH AMERICAN AVIATION, INC. ’:‘,’]

\>-
CONPEENRA-

A ENTRY
O LAUNCH WITHOUT LES
O LAUNCH WITH LES

/ LAUNCH.

- 104 -

J SPACE and INFORMATION SYSTENMS DIVISION
t

S REFERENCE ¢ AT POINT 35 FOR ENTRY,
REFERENCE ‘¢C AT POINT 33 OR 35 FOR

Oa/q =1
. .O
Oa/q =2

Oa/q_=0,17
[+]
R
oia/qo
A 2]
q/qo
=0,5 Oua/q =1
o o
=0,5 0aq/q =2
[} o]

Figure 92, Heat Flux Ratios in Tower Well With Electrical Umbilical

SID 62-1231-1



z
S
4\‘
=
wm
\”
i
E
.
-~
i
z
x
p
&
W
z
T
“
]
@
2
N
]

NORTH AMERICAN AVIATION, INC.

b . M +- - M . S O DES) 117 IEILLL -4n
Joals §aSae b4 1 302 38333 Seee: i adves esesassl gt isiasisdedl
~ o b e v + 71t I
Bassh ThFee + +4 444 =+ + + H r -4
o b + p) DA et +4 S BB 3
pe Saadel ) JOSE RS ph joste 331 ++4+
SEeES it pEa= o teftatetats 28 gaysespsitl o
et dyrtadl Tyt
T T oD
S S il e G G 0 I
| $8Pe3 fasnsactat stes:
l;..w...:;:f?h . 4 st o4
ﬁ FPREe b oIt
. FORS0 g bo
. yttt-e o 34 -1 e
g ] iy
Pt S Re stets ¢ Lot
BOSROSHRSE SO pel
99 esSodbes jagpetep: ;
|PPRARE BEGOS D Bing e T
j2OSRSENE 5289 PR D
v it T
LSRN L AR D
ieasass Sa3 133 fesas sty
pepey 44 e
: o Wt "o
. B R
3 1wdl
0 4444 M
r900 89884 35 nauts r
7 iy
Amre et 4 4 H
B T
11t hpe 1 o
pad o | 8 B4 1+
1 ' B » o
¢ +
5
Febs eaths it
o Sl na ¢ + :
i — T s
IFPITTITTE EOTE RIS RawE vosasPIees Pnanee
PN T Raplotus) T: Lt !
et ; t gt [ReSpae) - o
SRpasnhe TEngwee BES ppeuhies 3t ! Pt
< - (- o " +
P et ppaBe SeRaped ]
IS PRen e o
. + 10000 Ba S tev e ot A4+
" =t sl . T 3
Sedt T T 1 PPy |9 7 I T
b oYY Pt L 3
pesse) 1 1 [958 550 ~Sods bt =[S
T Py e PPe S DNmY + R» [l -+
B4 S S gy + \ae! Proeetiust i ooe 1 1T
' { " PR S DINPI RN + Q 1+
' - 3 D! bas +d s b B +4r ) +4
et :;.huxh tt L
jod beasess 1
- IP -
4 )o B .
TR
10
5% PEE
seiNsnade foune s pu
IR0 PP PR ey ..o.u..sm ol ae paka: T
HTEing : Jieke tepRsantt cape sstis
Cryeley iy +
v o baers 44 - 1t Na.: oe na: T
PE RS D DS e &»m. 4t Shen
et pet o 5233 3o segaees 2!
jo BB iie oetbe . =
4ty s 14 Ha b :
.ﬂﬂf@».fﬂu T L3 MU b T
pusds bed b poges 59997 gmes :
Pae) sagee ST
b POPPe SERE Bhane Rut: 41+
IppeestiYy b4+ 1 o H 1 T HHE
BOSOP PRGNS Sai (5ot ol =) I 3
t T
jreaLs il P23 Acd BESRE EE¥ n:
puss : ROS o
Rages ppans bt <1t o nutuEsaes
. T ppeasl
[SGps pesas pSeeS X ST o gonae T
383 nleds biun: Ty SRus sostanansy shuss shbw!
chgnita o Eades iy -y eoe
[$33E238SE 2828 i ittt
ES 006 00¢ 55 il JRS PPeRS b g s
R .f.wx siad b VMMu brase Dome: am
wesed direfreas ey criitr .%I.% ¥ 13-
feBngesase spac: G jonbs Tge neey! HH
jSg285080w poge; bEaw: o83 suase besad
:‘..uﬁnw;o run* b5 04 T b9 08 FROSS 1o s RS
147 .Hw m: BAp8 pRany binon Suhon
iSa st dhads hilet 04 258 DBRSS BEPDS B
pposve Luoﬂw.. P ot " e 1
+qade - 4 E +
wq. »%\»1 1358 1 14t ubne i IO e ¥ BN
++134 014t + I B0 NS SR En sonne il

Heating Rate Distribution on Aerodynamic Strake During eqry

Figure 93,

SID 62-1231-1

105 -



SPACE and INFORMATION SYSTEMS DIVISION

podipg e

T

T{IeIIiiiyl

FOTOS Qaeey

B

31

foss

i

H

Figure 94.

Stagnation Enthalpy Time History During Trajectory HSE-1
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